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A subject's performance under a conditional-discrimination procedure defines conditional
relations between stimuli: "If Al, then Bl; if A2, then B2." The procedure may also gener-
ate matching to sample. If so, the stimuli will be related not only by conditionality, but by
equivalence: Al and Bl will become equivalent members of one stimulus class, A2 and B2
of another. One paradigm for testing whether a conditional-discrimination procedure has
generated equivalence relations uses three sets of stimuli, A, B, and C, three stimuli per set.
Subjects learn to select Set-B and Set-C colnparisons conditionally upon Set-A samples. Hav-
ing been explicitly taught six sample-colniparison relations, AlBl, AlCl, A2B2, A2C2, A3BM,
and A3C3, subjects prove imnmediately capable of matching the B- and C-stimuli; six new
relations emerge (BlCl, B2C2, B3C3, CIBl, C2B2, CMB3). The 12 stimulus relations, six
taught and six emergent, define the existence of three three-member stimulus classes,
AIBlCl, A2B2C2, and A3B3C3. This paradigm was expanded by introducing three more
stimuli (Set D), and teaching eight children not only the AB and AC relations but DC rela-
tions also-selecting Set-C comparisons conditionally upon Set-D samples. Six of the chil-
dren proved immediately capable of matching the B- and D-stimuli to each other. By
selecting appropriate Set-B comparisons conditionally upon Set-D samples, and Set-D
comparisons conditionally upon Set-B samples, they demonstrated the existence of three
four-member stimulus classes, AIBlClDl, A2B2C2D2, and A3B3C3D3. These larger classes
were confirmed by the subjects' success with the prerequisite lower-level conditional rela-
tions; they were also able to select Set-D comparisons conditionally upon samples from
Sets A and C, and to do the BC and CB matching that defined the original three-member
classes. Adding the three DC relations therefore generated 12 more, three each in BD, DB,
AD, and CD. Enlarging each class by one member brought about a disproportionate increase
in the number of emergent relations. Ancillary oral naming tests suggested that the subject's
application of the same name to each stimulus was neither necessary nor sufficient to estab-
lish classes of equivalent stimuli.
Key words: conditional discrimination, matching to sample, stimulus equivalence, stimu-

lus classes, stimulus control, key press, children

Given two discriminative stimuli, Bl and
B2, a subject selects Bl if a conditional stim-
ulus, Al, is present, and selects B2 if the con-
ditional stimulus is A2. This conditional dis-
crimination provides a procedural definition
of conditional relations between stimuli. In
their simplest form, the conditional relations
are: If Al, then Bl; if A2, then B2. Although
additional considerations may lead to a more
precise description of an "if . . . then" rela-
tion, its existence is directly observable by ref-
erence to the subject's ongoing interactions
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with the procedure. Testing for the existence
of a conditional relation requires no modifi-
cation of the establishing procedure.
A well-established conditional discrimina-

tion is often assumed to demonstrate not just
conditional relations between stimuli, but
equivalence relations also. In addition to their
"if ... then" relation, Stimuli Al and Bi are
also supposed to be equivalent; similarly, A2
and B2 are supposed to be related both by
conditionality and equivalence. Investigators
who have assumed, explicitly or implicitly,
that the conditional-discrimination procedure
generates equivalence relations often call the
subject's performance "matching to sample."
Stimuli Bi and B2 become comparisons, to
be compared to samples Al and A2 and
matched appropriately. When all sample and
comparison stimuli are physically different,
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equivalence is suggested by calling the perfor-
mance "nonidentity," "arbitrary," or "sym-
bolic" matching.

Unlike conditionality, equivalence is not de-
finable solely by reference to the subject's on-
going interactions with the establishing proce-
dure. To determine whether a performance
involves something more than conditional re-
lations between sample and comparison stim-
uli requires additional tests. Suppose, for ex-
ample, a relation, R, between stimuli a and b
fulfills the procedural requirements for con-
ditionality, or "if a, then b." Is the relation
between a and b, aRb, also an equivalence re-
lation? The subject's current performance gives
no clue. Appropriate tests can, however, be
derived from the three properties that modern
elementary mathematics texts specify as the
definition of the equivalence relation: reflexiv-
ity, symmetry, and transitivity.
To determine that the conditional relation,

R, is reflexive, one must show that each stimu-
lus bears the relation to itself; aRa (if a, then
a) and bRb (if b, then b) must hold true. Re-
flexivity can therefore be tested by an identity-
matching procedure that requires the subject
to match stimulus a to itself, and b to itself.

It will not suffice to teach the conditional re-
lations, aRa and bRb. One does not know
whether a subject to whom the relations had
to be taught is matching each stimulus to itself
(if matching is involved at all), or is perhaps
controlled by one feature of the sample and
another feature of the correct comparison. For
example, instead of matching "red" to "red,"
and "green" to "green," a subject might be
matching "red" to "bright," and "green" to
"dark." Only if the subject matches each new
stimulus to itself without differential reinforce-
ment or other current instructions can one be
certain that identity is the basis for the per-
formance. Given a subject who is familiar with
the stimuli and procedures, the proof of reflex-
ivity is generalized identity matching.
To demonstrate that the relation, R, is sym-

metric, one must show that both aRb and bRa
hold true. A subject who matches a sample a to
comparison b is then required, without further
training, to match sample b to comparison a,
reversing "if a, then b" to "if b, then a." Given
a subject who is familiar with each of the stim-
uli separately, both as sample and comparison,
the proof of aRb symmetry is functional sam-
ple-comparison reversibility (Sidman, Rauzin,

Lazar, Cunningham, Tailby, & Carrigan,
1982).
To determine whether R is transitive re-

quires a third stimulus, c. Once "if a, then b"
and "if b, then c" have been established, tran-
sitivity requires "if a, then c" to emerge with-
out differential reinforcement or other current
instructions. Given a subject who has learned
two conditional relations, aRb and bRc, with
the comparison in the first serving as the sam-
ple in the second, the proof of transitivity is
the emergence of a third conditional relation,
aRc, in which the subject matches the sample
from the first relation to the comparison from
the second.

Calling a conditional relation "matching to
sample," then, requires proof that the relation
possesses all three properties of an equivalence
relation, as listed in the upper section of Ta-
ble 1. Successful generalized matching will
prove the relation reflexive, a property that
must hold for each stimulus. Sample-compari-
son reversibility (Lazar, 1977) will prove sym-
metry, a property that must hold for each pair
of related stimuli. Emergence of a third rela-
tion, in which the subject matches the sample
from one of two prerequisite relations to the
comparison from the other, will prove transi-
tivity, a property that must hold for at least
three interrelated stimuli.

Table 1

The Equivalence Relation

Equiv1alence relations mnust be:
1. Reflexive: aRa
2. Symmetric: If aRb, then bRa
3. Transitive: If aRb and bRc, then aRc

Combined tests for symmetry and transitivity are:
A. Teach aRb and aRc. Test bRc and cRb.
B. Teach bRa and cRa. Test bRc and cRb.

Symmetry and transitivity can be evaluated
simultaneously. To prepare for one kind of
combined test (A, in the lower section of Ta-
ble 1), first teach the subject two relations,
aRb and aRc, that share the same sample.
Then test for the emergence of the conditional
relations, bRc and cRb. If R is symmetric, so
that both aRb and bRa hold true, then bRa
and aRc will yield bRc via transitivity. Simi-
larly, if both aRc and cRa hold true by sym-
metry, the combination of cRa and aRb will
yield cRb via transitivity. Emergence of the
new conditional relations, bRc and cRb, re-
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quires the explicitly established relations, aRb
and aRc, to be both symmetric and transitive.

In early experiments that used these tests to
determine whether conditional-discrimination
procedures had generated matching-to-sample
performances (Sidman, 1971; Sidman & Cres-
son, 1973), retarded youths first proved capa-
ble of generalized identity matching, thereby
meeting the reflexivity criterion. They then
learned (or demonstrated that they were al-
ready able) to select pictures (comparison stim-
uli) conditionally upon any of 20 dictated pic-
ture names (sample stimuli); AB in Figure 1
represents 20 conditional relations (AlB1,
A2B2 . . . A20B20). A determination of
whether the AB relations involved equiva-
lence, in addition to conditionality, required
another set of conditional discriminations.
The subjects learned to select printed names
conditionally upon the same 20 dictated
names; AC in Figure 1 represents the 20 new
relations (AlCl, A2C2 . . . A20C20). At the
completion of their AB and AC training, the
subjects could select any of 20 pictures or
printed picture names conditionally upon a
dictated name.

It was then possible to find out whether AB
and AC were equivalence relations by giving
a combined test for symmetry and transitivity
(A, in Table 1). Proof of equivalence required
the subjects to select an appropriate printed
word conditionally upon a picture sample

A

PICTURE NAMES
DICTATED TO
SUBJECT

B

PICTURES |

L t I S
I * D
I

I PICTURE NAMES
mI| o SPOKEN BY

I SUBJECT

I

PRINTED | ,
PICTURE
NAMES

C

Fig. 1. A basic equivalence paradigm. Boxes A, B, and
C represent stimuli, and Box D represents oral namiiing
responses. Arrows AB, AC, BC. anid CB point from
sample to comparison stimuli and represent sets of
conditional relations. Arrows BD and CD point from
stimuli to naming responses. Solid arrows represent
conditional relations that are explicitly taught to the
subjects. Broken arrows represent conditional or oral
naming relations that emerge after others have been
explicitly taught.

(BC), and to select an appropriate picture con-
ditionally upon a printed word (CB). The re-
tarded subjects did relate the pictures and
printed names correctly, even though they had
not been explicitly trained to do so, and had
demonstrated in pretests that they were un-
able to do so before learning both the AB and
AC conditional discriminations. The condi-
tional relations therefore met the criteria of
reflexivity, symmetry, and transitivity, and the
performances could be called "matching to
sample."
The subjects' emergent ability to do two

new sets of matching tasks, BC and CB, con-
firmed the creation of 20 three-member classes
of equivalent stimuli: AIBICI, A2B2C2
A20B20C20. One of the classes, for example,
contained the dictated word "boy," pictures of
boys, and the printed word boy; another con-
tained the dictated word "car," pictures of
cars, and the printed word car. A necessary
consequence of the establishment of classes of
equivalent stimuli was the subject's ability to
match members of a class to each other even
without ever having done so before. The test-
ing process itself can therefore cause new
matching-to-sample performances to emerge
without explicitly teaching them. Stimulus-
class formation permits an impressive economy
and efficiency in teaching and learning. The
direct teaching of 40 conditional relations (20
AB and 20 AC) caused 40 more to emerge (20
BC and 20 CB). Actually, the spinoff was con-
siderably greater; subjects also became capable
of naming the pictures (BD) and the printed
words (CD) aloud. Although matching to sam-
ple does not require subjects to name the stim-
uli, and they usually did not, oral naming
emerged when tested. The original teaching
of 40 conditional relations created 40 new con-
clitional relations and 40 naming relations-80
new performances.
A major purpose of the present experiment

was to add one more stimulus to each class
and thereby test the power of equivalence re-
lations to generate a larger network of inter-
changeable stimuli. Figure 2 shows the stim-
uli and illustrates the experiment's rationale.
Previous studies using English language sym-
bols had required extensive pretests to ensure
that the subjects could not already do the crit-
ical matching and naming. In order to elimi-
nate both the time required for pretests and
the problems created by giving children tasks
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they are unable to perform, and to avoid the
methodological dilemma of whether or not to
reinforce correct responses during pretests, this
experiment used Greek letters and letter
names, stimuli that could be presumed un-
familiar to the subjects and therefore not re-
quiring pretests at all. Reducing the number
of stimuli from 20 to three in each set achieved
additional simplification.
The upper "triangle" ABC in Figure 2 rep-

resents a smaller replication of the experiments
summarized in the left triangle of Figure 1.
Subjects learned to select letters in Sets B and
C conditionally upon dictated names (A). If
the conditional relations, AB and AC, were
also equivalence relations, Test A (Table 1)
would reveal the subjects' ability to match Set-
B and Set-C letters to each other (BC and CB).
Tlhree three-member stimulus classes should
emerge, each containing a dictated letter name,
a Set-B letter and a Set-C letter.

Subjects were also taught to select compari-
son letters in Set C conditionally upon sam-
ples from Set D. Would the new DC relations
expand the ABC classes? If they did, each
three-member class would gain a fourth mem-
ber from Set D: upper-case phi would join the
"lambda" class; lower-case sigma, the "xi"
class; and lower-case delta, the "gamma" class.
Subjects would be able to match each stimulus
to any other in its class. Having explicitly been
taught only the AB, AC, and DC relations,
they would then prove capable of matching
samples from Set B to comparisons in Set D
(BD), or samples from Set D to comparisons
in Set B (DB). The first goal of the present
experiment was to carry out these tests for the
emergence of the four-member stimulus classes,
ABCD.

Spradlin, Cotter, and Baxley (1973) success-
fully demonstrated the emergence of relations
analogous to DB in Figure 2 but did not test
for BD. Because the DB relations did not re-
quire DC symmetry, but the BD relations did
(a point to be elaborated later), both DB and
BD were required for proof that the proce-
dures had generated four-member classes. The
present experiment also extended the Sprad-
lin, Cotter, and Baxley findings by testing the
subjects' ability to name the stimuli and to
perform other conditional discriminations be-
sides DB and BD. For example, teaching AC
and DC would establish the lower triangle
ACD in Figure 2, once more making it possible

to test for equivalence by evaluating symmetry
and transitivity simultaneously. Equivalence
tests in the lower and upper triangles, how-
ever, differed in at least two respects. First, the
explicitly taught relations in the upper tri-
angle, AB and AC, shared the same samples;
analogous relations in the lower triangle, AC
and DC, shared the same comparisons, like
Test B in Table 1. The logic of both combined
tests, however, was similar. If the DC relations
were symmetric, so that conditionality also
held for CD, then AC and CD could yield AD
by transitivity; subjects would prove capable
of matching auditory samples from Set A to
comparison letters in Set D. Therefore, in ad-
dition to testing for four-member ABCD
classes, the present experiment also tested for
the emergence of two sets of three-member
classes, ABC and ACD. Tests for BC and CB
relations evaluated the ABC classes; tests for
AD relations evaluated the ACD classes.
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Fig. 2. The equivalence paradigm in the present ex-

perinment. The stimuli are a set of dictated Greek letter
names (Set A) and three sets of printed Greek letters
(Sets B, C, and D), three letters in each set. Arrows
point from sample stimuli (only one presented at a

time) to comparison stimuli. The solid arrows AB, AC,
and DC represent conditional relations that are explic-
ity taught to the subjects. The broken arrows CB, BC,
AD, CD, BD, and DB represent conditional relations
that are tested after others have been explicity taught.
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A second difference between the upper and
lower triangles in Figure 2 stemmed from the
inability to present several auditory compari-
son stimuli simultaneously without altering
their individual intelligibility. This technical
feature of the conditional-discrimination pro-
cedure used here precluded a validation of
AB- and AC-symmetry that was independent
of the combined symmetry/transitivity tests.
Testing BA or CA would have required the
presentation of consecutive rather than simul-
taneous auditory comparison stimuli. Such a
major procedural modification, although feasi-
ble, would at that time have disrupted the
continuity of the experimental program. In the
lower triangle, the DC relations involved only
visual stimuli and could be tested for symmetry
independently of the combined test. The pres-
ent experiment, therefore, not only tested for
equivalence relations by means of combined
symmetry/transitivity tests, but also provided
the independent evaluation of symmetry that
the lower triangle in Figure 2 permitted.
The development of equivalence in all three

sets of explicitly taught conditional discrimi-
nations-AB, AD, and DC-should create six
sets of new matching-to-sample performances,
summarized by broken arrows in Figure 2. The
experimental tested all of these possibilities.
Subjects were also tested for oral naming. Ac-
curate naming of the letters in Sets B and C
was perhaps to be expected, since the subjects
were explicitly taught conditional relations be-
tween these letters and their auditory counter-
parts. Set-D naming was less surely predictable,
since the subjects were never taught any direct
relation between Set-D letters and the dictated
names in Set A.

METHOD

Subjects
Eight normal children, all male except Sub-

ject A.D., participated in the experiment.
Their ages (years-months) at the time they
completed training and underwent their first
tests for equivalence relations were: 5-0 (A.D.),
5-9 (.L. and J.O.), 6-3 (D.B.), 6-5 (E.M.), 6-11
(D.W.), 7-4 (E.W.), and 7-5 (I.C.). Subjects
A.D., J.L., D.B., and E.M. attended kinder-
garten, and Subjects J.O., D.W., E.W., and I.C.
were in first grade. No other educational or
test data were available. All children had at
least one parent who completed high school,

and all except Subjects A.D. and J.O. had at
least one parent who had gone beyond high
school. Each child, recruited by local news-
paper advertisements, came to the laboratory
several days a week with a parent who was
paid after each session. The total number of
sessions, each 15 to 30 minutes long, varied
because the children differed in the amounts
of training they required to learn and main-
tain the baseline conditional discriminations.

Apparatus and General Procedures
The child sat before a stimulus-response ma-

trix of nine translucent hinged keys (win-
dows) onto which stimuli were projected from
the rear. Stimuli for a given trial had all been
photographed on a single slide, and solenoid-
operated shutters were mounted between pro-
jector and windows. The windows, each 7.3 cm
in diameter, were arranged in a circle of eight,
with the ninth in the center (Figure 3). The
display diameter was 32.7 cm; the center-to-
center distance was 9.5 cm between adjacent
windows on the perimeter, and 12.7 cm be-
tween the center window and each of the
others. Sample stimuli always appeared in the
center, and comparison stimuli in the outer
windows, but the present experiments did not
use the three uppermost windows (shaded in
Figure 3). Whenever the child pressed a win-
dow a limit switch signaled the solid-state pro-
gramming equipment, impulse counters, and
a 20-pen operations recorder.

Each trial began with a sample stimulus.
Visual samples, black line drawings of Greek

Fig. 3. Schematic representation of the stimulus-re-
sponse matrix, illustrating a sample from Set B (center
window) and the three comparisons from Set C (outer
windows). Positions of stimuli and blank windows var-
ied from trial to trial, but stimuli never appeared in
the three uppermost windows.
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letters on a white background, appeared on
the center window. Auditory samples, Greek
letter names, were dictated by a master tape
and were repeated at 2-sec intervals by a con-
tinuous tape loop (Fletcher, Stoddard, & Sid-
man, 1971); the center window was illuminated
but blank. Each sample, visual or auditory, re-
mained throughout the trial (simultaneous
matching), and trial durations had no limit.
Visual and auditory samples never occurred
in the same trial.

In matching-to-sample trials, after the sam-
ple was presented the subject had to press the
center window to bring comparison stimuli
onto the outer windows. Even dictated samples
required this "observing response" but press-
ing the blank center window could not pro-
duce the comparisons until at least one com-
plete sample word had sounded. No trial
presented more than three comparison stimuli;
at least two of the five functional comparison
windows were blank on each trial, as indicated
in Figure 3. Positions of correct, incorrect, and
blank comparison windows varied from trial to
trial. In sequences that included only two dif-
ferent sample stimuli, no more than three trials
with the same sample could occur consecu-
tively. With more than two samples, all pos-
sible trial types-sample-comparison combina-
tions-had to occur before any could repeat.
Also, all five functional comparison windows
had to be scheduled as correct before any win-
dow could be correct again. With those excep-
tions, all trial types and all correct windows
were equally probable on successive trials.

After comparison stimuli appeared, the sub-
ject had to press a comparison window. Unless
a reduced reinforcement probability or an ex-
tinction probe (see below) precluded reinforce-
ment, correct choices were followed by the
sound of chimes, the disappearance of all stim-
uli, the delivery of a penny into an open recep-
tacle below and at the left of the window ma-
trix, and a 1.5-sec intertrial interval. Neither
chimes nor penny followed an incorrect choice.
The children kept all pennies they received.
Any window press during the intertrial in-

terval postponed the next sample for 1.5 sec.
Once the sample had come on, the subject
could not produce comparison stimuli by press-
ing sample and comparison windows simulta-
neously; after any such simultaneous response
the subject had to release both windows before
a sample press could be effective. Once the

comparisons had come on, sample presses no
longer had any programmed consequences, but
if the subject pressed correct, incorrect, or
blank comparison windows simultaneously the
trial was treated as incorrect. The program-
ming apparatus arbitrarily specified simulta-
neity by waiting to define any response until
the subject had released the window for .2 sec;
pressure on another window during the pre-
ceding press, or within .2 sec of a release, de-
fined a simultaneous response.

In oral naming tests, the subject had simply
to respond to the instruction, "Tell me what
you see", or "What is it?". The child pressed
no windows, and only samples were presented,
with no comparisons. After each oral response
the experimenter, seated behind the child,
pressed a handswitch to initiate the intertrial
interval and the slide change. No chimes or
pennies were presented, even for correct names
(see below). Test sessions were recorded on
magnetic tape, and the experimenter also re-
corded the child's naming responses during
the tests. A secretary's transcription of each
tape, in the absence of the visual stimuli to
which the subject had been responding, never
differed from the experimenter's record by
more than one naming response in any 90-trial
test.

Teaching and Testing Phases
The general plan of the experiment (details

are provided below) was, A: first, acquaint the
children with the procedures and confirm their
ability to do visual-visual and auditory-visual
conditional discriminations by pretesting them
with stimuli that were presumably famliar,
hues and hue names. Then, test identity match-
ing with all of the Greek letters to be used in
the experiment. These letter-letter (sample-
comparison) tasks served as generalized match-
ing-to-sample tests for reflexivity. B: next,
teach the children the three sets of relations
denoted in Figure 2 by the solid arrows, AB,
AC, and DC. This established the baselines
to be tested for symmetry and transitivity. C:
finally, without additional teaching, evaluate
the children's performance on the six sets of
relations denoted in Figure 2 by the broken
arrows, DB, BD, AD, BC, CB, and CD. Emer-
gence of these new relations, or their failure
to emerge, would prove whether or not the
explicitly taught conditional relations were
also equivalence relations, and whether the
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performances could be called "matching to

sample." Also, test the children's oral responses

to the B-, C-, and D-stimuli.
Table 2 outlines the planned sequence. All

subjects went through Phases A (Pretests) and
B (Teaching) in the indicated order. At the
end of Phase B the children were performing
the three sets of baseline conditional discrim-
inations, AB, AC, and CD, at high levels of
accuracy, although only a small proportion of
their correct trials terminated with reinforce-
ment (see below). Then, in Phase C (Final
Tests), unreinforced probe trials, inserted
among these infrequently reinforced baseline
trials, constituted the tests for symmetry and
transitivity, thereby evaluating the formation
of equivalence relations in the baseline.

Pretests
After the delivery of two or three pennies

had sufficed to accomplish magazine training,
the experimenter provided nonverbal instruc-
tion by pressing windows appropriately for
several hue-hue trials (hue sample and hue
comparisons, with the sample hue the same

as the correct comparison hue). Each subject
then imitated the experimenter, meeting a

criterion of 90% correct in a set of 25 hue-hue
trials (Phase Al), followed by a similar cri-
terion performance in matching dictated hue-
name samples to the hue comparisons (Phase
A2). These first tests with hues established the
children's ability to cope with the experimen-
tal procedures. In the final pretest procedure
(Phase A3) the stimuli were the Greek letters
illustrated in Figure 2. On individual trials
the sample and correct conmparison were the
same, and the two incorrect comparisons were

always the other members of the same set (B,
C, or D); comparisons from different sets never

appeared together. This identity matching
evaluated generalized matching to sample and
thereby served as a test for reflexivity.

Teaching and Maintenance Procedures
Teaching the three sets of baseline condi-

tional discriminations went according to the
sequence summarized in Table 2, Phases Bl
through B6. Each teaching phase itself, how-
ever, was composed of a carefully programmed
series of steps.

Teaching steps. Figures 4 and 5 depict the
sample and comparison stimuli that comprised
the trial types in each step. Starting with the

Table 2

Sequence of teaching and testing phases. The identi-
fiers, AB, AC, DC, etc., refer to the sample-conmparison
relations diagrammed in Figure 2.

A. Pretests-Matching to Samplc
1. Hue samples and lhue comiiparisonis (Identity)
2. Hue-name samples (dictated) and hue compari-

sons
3. Greek-letter samples and comparisons (Identity)

B. Teaching-Matching to Sample
1. AB: Set-A samples (dictated) and Set-B comiipari-

sons
2. AC: Set-A samples (dictated) and Set-C compari-

sons
3. AB and AC: Trials from Teaching Plhases 1 aiid

2, mIixed
4. DC: Set-D samiples (visual) and Set-C comiiparisons
5. AB, AC, anid DC: Trials from Teaching Phases

3 anid 4, mixed
6. Gradual lowering of reinforcement probability

C. Final Tests-Matching to Sample; Oral Naming
1. DB: 4-stage equivalence probes, in baseline of AB,

AC, and DC
2. BD: 4-stage equivalence probes, in baseline of AB,

AC, and DC
3. AD: 3-stage equivalence probes, in baseline of AC

and DC
1. BC: 3-stage equivalence probes, in baseline of AB

and AC
5. CB: 3-stage equivalence probes, in baseline of AB

and AC
6. CD: Symmetry probes of DC relations, in baseline

of DC
7. B-, C-, and D-naming

AB relations, the children first had to match
only two dictated samples, Al and A2, to the
comparison letters B1 and B2. The same two
comparison letters, one correct and the other
incorrect, appeared on every trial, as illustrated
in the uppermost frame of Figure 4 (Task
AB12). The children rotated through six bal-
anced sets of 20 trials until they achieved at
least 19 correct trials in a set. Then, in the
second step, they went through sets of 20 trials
with another pair of samples and correct com-
parisons, matching Al and A3 to Bl and B3
(Figure 4, Task AB13) until they met the same
criterion. Both steps included Sample Al and
Comparison B1. In the third step, the children
learned to match the final pair of samples,
A2 and A3, and Comparisons B2 and B3 (Task
AB23). Each of these combinations-sample
and correct comparison-had already been pre-
sented along with a different partner in Step 1
or 2.

Trials in these first three steps presented
only two comparison stimuli (balanced with
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COMPARISONS
TASK SAMPLE CORRECT INCORRECT

"LAMBDA" A _
ASI2 Xl A
...................................................................

"LAMBDA" A F
ABI3 "GAMMA" F A
...................................................................

"X
~I -sex-lr

AB 23
"GAMMA" F

...................................................................

"LAMBDA" A _,F.

AB123 "xill"A
"GAMMA" F A,F
"LAMBDA" X

AC12
...................................................................

"LAMBDA" T
AC 3

"GAMMA" X
...................................................................

AC23
"GAMMA"

...................................................................

"LAMBDA" A ,
ACI23 "XI ; o,-

"GAMMA" N, 4

ABi "LAMBDA" A _,F
ACi "LAMBDA" N4e r

AB2 "XI" _ A F

AC2 "Xl" 4 ,r
AB3 "GAMMA" F

AC3 "GAMMA" 7 , 4
Fig. 4. Each line depicts a trial type-sanmple stimiiu-

lus, wvith correct and incorrect comparison(s). Each of
the three main sections (bounded by solid lines) shows
the trial types used in Teaching phases B1, B2, and B3
(Table 2)-AB relations first, then AC, and then both
together. Frames within sections sh1ow the trial types
used in each conisecutive step. The numbers 1, 2, and 3
refer to the auditory stimuli showvn from top to bottom
in Figure 2, and to the visual stimuli showni from left
to right.

respect to window positions), one related con-
ditionally to the current sample, and the other
to the second sample in the current pair. The
fourth AB teaching step (Task AB123) mixed

all three samples in sets of 30 trials, and pre-
sented all three comparisons, one correct and
two incorrect, on every trial. When the chil-
dren met a criterion of at least 29 correct trials
in a set, they went on to learn the AC rela-
tions (Phase B2 in Table 2).
The central frames of Figure 4 show teach-

ing Phase B2 broken down into steps like those
of Phase B1. The children first learned pairs
of AC trial types with only two comparisons
per trial (Tasks AC12, AC13, and AC23).
Then, sets of trials were given with all three
samples, three comparisons per trial (Task
AC123). Phase B3 then mixed the six AB and

COMPARISONS
TASK SAMPLE CORRECT INCORRECT

DCI2

ct tA....................................................................

DC13 r
.............. ......................................................

DC123

....... -------.--.------ ---........................

ABi "LAMBDA" A _ F
ACi "LAMBDA" A rY
DCi

AB2 "XI"

AC2

DC2

AB3

AC3

DC3

"XI"

"GAMMA"

"GAMMA"

AFt y,

F A,^

Fig. 5. Each line depicts a trial type-sample stimnu-
lus, with correct and incorrect comparison(s). The
frames show the trial types used in each consecutive
step of Teaching Phases B4 and B5 (Table 2). DC trial
types were taught first (upper four frames) and were
then combined with the previously taught AB and AC
trial types (lowest frame). The numbers 1, 2, and 3
refer to the auditory stimuli shown from top to bottom
in Figure 2, and to the visual stimuli shown from left
to right.
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CONDITIONAL DISCRIMINATION VS. MATCHING TO SAMPLE

AC trial types, as depicted in the bottom frame
of Figure 4, into balanced sets of 30 trials. By
meeting a criterion of 29 correct trials in a set
of 30, the children demonstrated that they
could select either Set-B or Set-C letters condi-
tionally upon dictated letter names from Set A.

Phase B4 (Table 2) consisted of a similar se-
quence in which the children learned the DC
relations. The upper three frames of Figure 5
show the three pairs of DC trial types the chil-
dren learned first, and the fourth frame shows
the three-comparison DC trial types. Finally,
Phase B5 mixed the nine AB, AC, and DC
trial types (bottom section of Figure 5) in bal-
anced sets of 45 trials. To complete Phase B5
the children had to meet a criterion of 44 cor-
rect trials in a set of 45. Later, sets of these
nine trial types would constitute a baseline
into which probe trials would be inserted to
evaluate the formation of equivalence rela-
tions.
Reinforcement probability. Before inserting

unreinforced probes, the reinforcement prob-
ability on correct baseline trials was gradually
reduced (Phase B6) from 1.00 to .20. The se-
quence of probability steps was 1.00, .75, .50,
.40, .30, and .20; subjects had to meet the 90%
baseline accuracy criterion at each step before
the probability could be lowered. It was oc-
casionally necessary to halt a decreasing accu-
racy trend by increasing the reinforcement
probability and then reducing it again. Since
no probe trials would be reinforced, the re-
inforcement probability on baseline trials dur-
ing subsequent tests was increased sufficiently
to maintain the overall probability at .20.
Probabilities were controlled by a probability
gate (BRS/LVE PP-201), its output modified to
permit no more than nine consecutive baseline
trials to go unreinforced.

Before any set of trials in which the rein-
forcement probability was to be less than 1.00,
the subject was told, "You won't always get
a penny from now on, but you will have a
chance to get more later." Then, at the end
of the session, the child was given enough hue-
hue matching trials, with all correct choices
reinforced, to make up for the earlier correct
baseline trials that had gone unreinforced.
Maintenance and review. Each new teaching

session began with a review of the most ad-
vanced performance the subject had achieved,
and the subject had to meet the learning cri-
terion again before going on to the next step.

For example, Tasks AB12, AB13, and AB23
(Figure 4) were reviewed at the beginning of
each teaching session until the child had
learned AB123; then, AB123 was reviewed at
the beginning of all sessions in which the sub-
ject was learning the next four tasks; since
the final task (bottom frame of Figure 4) in-
cluded all AB and AC trial types, this was all
that needed review during the next teaching
phase; etc. Finally, after the reduction in re-
inforcement probability, each session in which
a test was scheduled began with a review of
the trial types that would serve as the sparsely
reinforced baseline for the insertion of probes
(each of these baselines is described below).
To proceed with the test, subjects had to meet
the usual accuracy criterion on this review;
if they did not, reviews continued for the rest
of the session. A child who failed frequently
to meet a review criterion returned to an ear-
lier teaching step and advanced through the
sequence again.

Tests
Phases Cl through C7 in Table 2 summarize

the tests with reference to the relations out-
lined in Figure 2.

Four-stage equivalence. Phase Cl inserted
DB trials (samples from Set D, comparisons
from Set B) as unreinforced probes into a
sparsely reinforced baseline of AB, AC, and
DC trials. Phase C2 inserted BD probes into
the same baseline. Because emergence of the
DB and BD performances required conditional
relations within four sets of stimuli (A, B, C,
and D), Phases Cl and C2 in Table 2 are called
"four-stage equivalence probes." This "n-stage"
terminology is consistent with a similar usage
in conjunction with analogous paradigms that
have been studied largely by means of paired-
associate techniques (e.g., Jenkins, 1963).

Figure 6 shows the trial types (sample-com-
parison combinations) in the four-stage tests,
with each of the three kinds of DB probes be-
low its prerequisite AB, AC, and DC trial
types. For example, emergence of the DBI
(probe) relation (Sample Dl, Comparison B1)
required the subjects to have learned the ABI,
ACI, and DCI relations that are shown just
above DBI. In Phase C2, the three BD probes
depicted at the bottom of Figure 6 replaced
the DB trials. Each DB or BD test had 120
trials, 10 of each trial type (90 baseline and 30
probe trials).
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TASK SAMPLE

ABi aLAMBDA"
CORRECT

A
INCORRECT

-rF
AC, "LAMBDA" X ,t

DCi 4p

DBI(PROBE) ct

A82 "xiu

(A)

AC2 "Xl" aii

DC2 e-

DB2(PROBE) Ct (_)
AB3 "GAMMA" F
AC3 "GAMMA"

DC3 s
DB3POSE) S

BDI(PROBE) A
BD2(PROBE)

BD3(PROBE) F

-r

(F)
(c)
(o)
( 6)

(-F)
A,F

(AF)
A,F

(A,F)

(cop)
(4co

Fig. 6. Each line depicts a trial type-sample stimu-
lus, with correct and incorrect comparisons. The upper
section shows the AB, AC, and DC baseline trial types
and the four-stage DB probes used in Final Test Phase
Cl (Table 2). Each DB probe is just below its three
prerequisite baseline trial types. The three lines in the
lower section show the four-stage BD probes that were
inserted in place of DB trials during Final Test Phase
C2 (Table 2). The numbers 1, 2, and 3 refer to the audi-
tory stimuitili showi'n from top to bottomi in Figure 2 and
to the visual stimuli shown from left to right. Because
probe trials were never reinforced, correct and incor-
rect probe comparison stimuli are enclosed within
parentheses.

Three-stage equivalence. Phases C3, C4, and
C5 in Table 2 summarize the three-stage
probes-those requiring subjects to have
learned conditional relations within three sets
of stimuli. AD probes (Phase C3) involved
stimulus sets A, C, and D (Figure 2). Because
emergence of the AD relations required sub-
jects to have learned only AC and DC, AD
probes were inserted into a baseline of only
AC and DC trials. Figure 7 shows the trial
types in the three-stage AD tests, with each
AD probe below its prerequisite AC and DC
trial types. AD tests had 90 vials, 10 of each
trial type (60 baseline and 30 probe trials).
The three-stage BC and CB probes (Phases

TASK

ACa

DCi

ADI1PROSE)

AC2

DC 2

AD2(PROBE)

AC3

DC 3

AD3 (PROBE)

COMPARISONS
SAMPLE CORRECT INCORRECT

"LAMBDA" X L, v

4) X .z
LAMBDA" (4) (, S)

eI AX,r
CT X, r

I xl@ (CT) (4, S)
"GAMMA" 7 , I

s r A,£
)ofGAMMA" ( ) A> ,)

Fig. 7. Each line depicts a trial type-sample stimu-
lus, with correct and incorrect comparisons-used in
Final Test Phase C3 (Table 2). Each three-stage AD
probe is just below its two prerequisite AC and DC
baseline trial types. The numbers 1, 2, and 3 refer to
the auditory stimuli shown from top to bottom in Fig-
ure 2 and to the visual stimuli shown from left to right.
Because probe trials were never reinforced, correct and
incorrect probe comparison stimuli are enclosed within
parentheses.

C4 and C5) required subjects to have learned
conditional relations within Stimulus Sets A,
B, and C (Figure 2). Because the emergence of
BC and CB demanded only AB and AC as
prerequisites, Phases C4 and C5 were com-
bined into a single test, with probes inserted
into a baseline of AB and AC trials. Figure 8
shows the trial types, with each pair of BC
and CB probes located below the prerequisite
AB and AC trial types. These combined BC-
CB tests had 120 trials, 10 of each type (60
baseline and 60 probe trials-30 BC and 30 CB
probes).
Symmetry. In Phase C6 (Table 2), CD probes

tested the DC relations for symmetry. Figure 9
shows the trial types in this symmetry test with
CD probes inserted into a baseline that con-
tained only DC trials. CD tests had 60 trials,
10 of each type (30 baseline and 30 probe
trials).

Oral naming. The final tests, Phase C7 of
Table 2, were oral naming, in which the sub-
jects named the B-, C-, and D-stimuli aloud.
Naming tests had 90 trials, with 10 presenta-
tions of each visual stimulus.

Test sequence. Table 3 shows the sequence
of tests for each subject. Six went through
Phase C with minor variations in the order

-
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COMPARISONS
TASK SAMPLE

ABI 'LAMBDA"

ACI "LAMBDA"

BCI(PROBE)A

CBI(PROBE) X
AB2 "Xi"

AC2 "X'I

BC2(PROBE) -

CB2(PROBE) 4
AB3 "GAMMA "

AC3 "GAMMA"

BC3(PROBE) r
CB3(PROBE) -r

CORRECT

A

(X)
(A)

(Li
(_)

-r
(7)
(r)

INCORRECT

_= F

4,r)

(,I r)
A,K)
A,E

(X, I )
(A,_)

Fig. 8. Each line depicts a trial type-sample stimu-
lus, with correct and incorrect comparisons-used in
Final Test Phases C4 and C5 (Table 2), which were

combined into a single test. Each pair of BC and CB
probes is just below the two prerequisite AB and AC
baseline trial types. The numbers 1, 2, and 3 refer to
the auditory stimuli shown from top to bottom in Fig-
ure 2 and to the visual stimuli shown from left to right.
Because probe trials were never reinforced, correct and
incorrect probe comparison stimuli are enclosed within
parentheses.

given in Table 2. Two subjects, J.O. and J.L.,
required major departures from this sequence;

their tests and data will be noted separately.

TASK SAMPLE

DCI ¢

CDI(PRoSE) X
DC2 X

CD2 (PROBE) 4
DC3 s
CD3(PROBE) T

COMPRISONS
CORRECT INCORRECT

A 4 .?
(t) (c7,A)

(c) (4, )
7 x,4
(s ) (V4,cT)

Fig. 9. Each line depicts a trial type-sample stimu-
lus, with correct and incorrect comparisons-used in
Final Test Phase C6 (Table 2). Each symnmetry probe
is below its prerequisite DC baseline trial type. The
numbers 1, 2, and 3 refer to the visual stimuli shown
from left to right in Figure 2. Because probe trials were

never reinforced, correct and incorrect probe compari-
son stimuli are enclosed within parentheses.

Table 3

Sequence of Tests given to Each Subject

Four-stage Three stage Symmetry
BC- Nam-

Subject DB BD AD CB CD ing

E.W. 1 2 3 4 - 5
A.D. 1 2 3 4 5 -
D.B. 2 1 3 4 5 6
E.M. 1 2 4 5 - 3
I.C. 1 2 5 4 6 3
D.W. 1 2 3 4 5 6
J.O. 1 2 (see text)
J.L. 1 2 3 (see text)

RESULTS
Each row of bars in Figure 10 represents the

matching-to-sample test and baseline scores for
one of six subjects. Column headings (BD ...
DC) refer to the relations diagrammed in Fig-
ure 2. Although there had been no differen-
tial reinforcement on probe trials, responses
indicative of equivalence relations were arbi-
trarily designated as correct in summarizing
probe-trial results. The three bars at the ex-
treme right side of each row combine the scores
for each indicated kind of baseline trial across
all tests that included it (Figures 6 to 9). The
first six bars (only five for Subjects E.W. and
E.M.) each represent a probe-trial score for one
four-stage, three-stage, or symmetry test.

Baseline performances were uniformly ex-
cellent. A finer analysis of each baseline rela-
tion into its three individual trial types (for
example, those listed in the lower section of
Figure 5) showed that these children rarely
made as many as two errors, and never more,
in 10 baseline trials of any type. Inserting un-
familiar probe trials among the explicitly
taught trial types did not disrupt the baselines.
The children also behaved remarkably con-

sistently in probe trials. In four-stage probes
for the relations BD and DB, only Subject I.C.
selected an "incorrect" letter is as many as four
out of 30 probe trials. All subjects distributed
their errors relatively evenly among the trial
types. In three-stage AD tests, five of the chil-
dren ranged from zero to two errors in the
30 probe trials, but Subject I.C. did give an
indication here of incompletely established
equivalence relations. Although he made only
five errors in the 30 AD probes, four came in
the 10-trial set with "gamma" as the dictated
sample, and three of those were selections of
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EQUIVALENCE SYM. BASELINE
4- STG. 3-STG.
BD DB AD BC CB CD AB AC DC

100

50 nmm E.w.

50m n m nfl A.D.

10

100

75m n nSo
0 25

Fig. 10. Each row of bars gives one child's scores on
the equivalence probes (four-stage BD and DB; three-
stage AD, BC, and GB), symmetry probes (CD), and
baseline trials (AB, AC, anld DC) summarized in Table
2, Final Test Phase. Probe scores represent indivridual
tests, and baseline scores are combined for all tests.
Two children did not hazve symmetry tests.

the letter that was appropriate for "lambda"
(Figure 7). In the three-stage probes for the
BC and GB relations, and in the CD symmetry
probes, Subject I.C. was again the only one of
these six children to make as many as four er-
rors in any set of 30 trials, but these did not
concentrate in any particular trial type.
When asked to identify the letters, the sub-

jects named them almost perfectly, none mak-
ing more than two errors in the 90-trial test.
Within each set of letters shown in Figure 2
(B, C, and D), the children consistently called

the one at the left, "lambda," the center one,
"xi," and the letter at the right, "gamma."
(The correlation between class membership
and position of the letters in Figure 2 is sim-
ply an expository device; during naming tests
the letter was always in the center window,
and during matching-to-sample tests the posi-
tions of comparisons letters varied from trial
to trial.) This consistency was perfect in trials
with the D-stimuli, even though the children's
selection of D-stimuli conditionally upon dic-
tated names (AD) had never been reinforced.

Subject E.W., however, differed from all the
others in his manner of responding to D-stim-
uli. Table 4 reproduces the first half (45 trials)
of his oral-naming test, including the instruc-
tions. (Unlike the actual transcript, Table 4
does identify the stimulus on each trial.) Al-
though Subject E.W. gave all the expected
names, his responses indicated that the D-stim-
uli differed from the B- and C-stimuli; it is
possible to scan Table 4, even without observ-
ing which trials had D-stimuli, and to pick out
the D-trials. On Trial 2, the first presentation
of a letter from Set D, the child expressed
doubt, not even venturing a guess until
prompted. Although later responses were not
as lengthy, he expressed some doubt about the
name of each subsequent D-stimulus. In con-
trast, with the exception only of Trial 15, he
named B- and C-stimuli without qualification.
In Trials 40 and 41, the child even emphasized
the contrast himself. During the second half
of the test, 45 more trials, Subject E.W. con-
tinued consistently to indicate uncertainty in
naming the D-stimuli.

If the four-member classes, revealed by the
four-stage BD and DB tests, arose through
equivalence relations, the data must also pos-
sess certain internal consistencies. Reference to
Figure 2 will help clarify the prerequisites for
four-member classes. Given the explicitly
taught relations, AB, AC, and DC, the follow-
ing transitivity paradigm (TRI) constituted
the simplest route for the emergence of the
DB relations, in which the children matched
Set-D samples to Set-B comparisons:

(TRI) If DC and CB, then DB.

Any child able to do DB must also have been
capable of DC and CB. The explicitly taught
DC relations were easily verified in the base-
line, but CB, never explicitly taught, had to
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Table 4

Subject E.W.'s responses on his first 45 oral-naming
trials, including the pretest interaction between Sub-
ject (S) and Experimenter (E). Trials are listed consecu-
tively, and the stimulus is identified with reference to
its portrayal in Figure 2 as the left (1), center (2), or
right (3) member of Set B, C, or D.

S: What's it going to be like?
E: O.K. Now this time, ----, there aren't going to be

any pennies.
S: Yes.
E: No pennies this time.
S: Yes.
E: I'd like you to keep your hands in your lap like they

are.
S: Mmmm.
E: And I don't want you to push anything, O.K.?
S: O.K.
E: Now when somiiething comes on, you tell me what it

is that you see.
S: O.K.
E: O.K.?
S: O.K.
E: Now remember, don't push anything; you just tell

me what it is that you see.
S: O.K.

Trial Stimulus Responses

I IC S: .... LAMBDA.
E: You don'-You don't have to yell

into the microphone like that.
It'll-it'll hear you alright, O.K.?

S: O.K.
2 3D S: .. .. Hmmmmmmmmm

mmm. Oh, somethin' like some-
thin', but-I don't know. It's
kinda-Well I-don't really have
any idea-One little idea, but I
don't know what it is.

E: What's that?
S: Well,-I have an-a slight idea

that it might be GAMMA.
3 2D S: Hnmimmmimmiiminmmm. I think

that nmight be XI.
4 3C S: That's GAMMA.
5 2B S: That's XI.
6 3B S: That's GAMMA.
7 ID S: Hmmmmmmmmminm. - I

think that might be LAMBDA.
Or somethin' like it.

8 lB S: That's LAMBDA.
9 2C S: THAT'S XI.
10 IC S: That's LAMBDA.
11 2B S: That's XI.
12 3C S: That's-GAMMA.
13 3B S: That's GAMMA.
14 2D S 1-I have a slight feeling that

might be XI.
15 2C S: I think that's XI.
16 3D S: It might be GAMMA, but I'm

not too sure.
17 ID S: I-I thin'-It might be LAMBDA,

but I'm not sure.
18 IB S: That's LAMBDA.

Trial Stimulus Responses

19 ID S: I like the LAMBDA, but I'm not
too sure.

20 IC S: That's LAMBDA.
21 2D S: That might be XI.
22 2B S: That's XI.
23 lB S: That's LAMBDA.
24 3B S: That's GAMMA.
25 2C S: That's XI.
26 3C S: That's GAMMA.
27 3D S: Mmmmmm. I have a sl- slight

feeling that just might be
GAMMA.

28 2C S: XI.
29 ID S: It might be LAMBDA, but I'm

not sure.
30 2B S: XI.
31 IC S: LAMBDA.
32 3C S: GAMMA.
33 lB S: LAMBDA.
34 3B S: GAMMA.
35 2D S: XI.. I think.
36 3D S: Mmmmmm, I think that might

be GAMMA, but I'm not too
sure.

37 lB S: LAMBDA.
38 2D S: Maybe XI.
39 ID S: Like LAMBDA, but I'm not too

sure.
40 3D S: That might be GAMMA.
41 3C S: That is GAMMA.
42 2C S: That's XI.
43 IC S: LAMBDA.
44 3B S: GAMMA.
45 2B S: XI.

be tested. All six children who were able to
do DB performed well in their CB tests.
The CB relations, in which the children

matched Set-C samples to Set-B comparisons,
could have emerged through the transitivity
paradigm:

(TR2) If CA and AB, then CB.

Any child able to do CB must also have been
capable of CA and AB. Again, the baselines
verified the AB relations. The CA relations
could have emerged through symmetry para-
digm SYI:

(SYI) If AC, then CA.

The current procedures precluded direct tests
of symmetry in the auditory-visual relations,
AB, AC, and AD, because the children would
have been required to match visual samples to
auditory comparisons; presenting several audi-
tory comparisons simultaneously was not feasi-
ble. The CA relations, indicative of AC sym-
metry, were therefore not tested.
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The other four-stage test, BD, called for dif-
ferent prerequisites. Matching the Set-B sam-
ples to Set-D comparisons could have emerged
by transitivity through:

(TR3) If BC and CD, then BD.

Any child able to do BD must also have been
capable of BC and CD, although neither had
been explicitly taught. All six children who
were able to do BD performed well also in
their BC and CD tests. The BC relations could
themselves have emerged by transitivity:

(TR4) If BA and AC, then BC.

Here, the baselines verified the AC relations.
BA would have been indicative of AB sym-

metry:

(SY2) If AB, then BA.

Again, however, auditory-visual symmetry

could not be tested directly.
Emergence of the second BD prerequisite,

the CD relations (see TR3), proved the visual-
visual DC relations to be symmetric:

(SY3) If DC, then CD.

CD relations, indicative of DC symmetry, were

prerequisite not only for the four-stage BD
relations (by TR3), but for the three-stage AD
relations also. The simplest route for the emer-

gence of the AD relations was:

(TR5) If AC and CD, then AD.

Baseline performances verified the AC rela-
tions, and children who proved capable of
both AD and BD did well also in the CD test
(two did not have the CD test; see Figure 10).

All children, therefore, whose DB and BD
performances signified the establishment of
four-member stimulus classes also provided the
necessary internal consistences in their other
data. The prerequisite lower-level relations
were intact.

Subjects J.L. and J.O. failed to replicate the
other six children's results, their BD and DB
performances revealing the absence of the tran-
sitive properties (TR3 and TRI) required by
four-stage equivalence relations. Might an ab-
sence of lower-level symmetry or transitivity
have been responsible for the failure of these
higher-level relations to emerge? Additional
tests given to the two children who did not
exhibit four-member stimulus classes are sum-

marized sequentially in Table 5.

Subject J.L., whose failure to confirm four-
stage equivalence occurred before the desir-
ability of systematic followup had become evi-
dent, did not receive all of the tests needed
for a complete evaluation of the relations be-
tween higher- and lower-level performances.
The upper section of Table 5 shows that he
scored only 47% in his first four-stage DB test,
and 40% when tested for the three-stage AD
relations (Tests 1 and 2). Then, he achieved
97 and 93% in the other three-stage probes,
BC and CB (Test 3). Repetition of the four-
stage DB probes (Test 4) yielded a score of
only 17%. Subject J.L. failed to demonstrate
four-member classes or three-member ACD
classes (denoted by the lower triangle in Fig-
ure 2) but did substantiate the formation of
three-member ABC classes (the upper triangle
in Figure 2). Strong DC relations in the base-
line (righthand column of Table 5) and solid
CB performances (Test 3) showed the pre-
requisites for four-stage DB equivalence (see
TRI) to be intact. Subject J.L.'s followup tests,
therefore, did not supply any obvious explana-
tion for the failure of DB to emerge. Unfortu-
nately, the other four-stage relations, BD, were
not evaluated, nor were the CD relations, ab-
sence of which would have clarified the failure
of AD (see TR5) to emerge.
The other subject, J.O., had a more ade-

quate series of followup tests (lower section
of Table 5). His first four-stage test yielded
83% correct; he gave no more than two in-
correct responses in 10 opportunities with any
Set-D sample. When BD was probed, however,
he scored only 50% (Test 2). Then, in two
more DB tests, his score dropped to 57 and
60% from its initially high level. Whether the
BD test had somehow degraded the DB per-
formance, or whether DB would have deteri-
orated anyway cannot be determined. Never-
theless, Subject J.O.'s first four tests provided
no convincing evidence of four-member stimu-
lus classes. A series of tests then undertook to
determine whether these failures to document
four-stage equivalence were accompanied by
the absence of one or more of the prerequisite
lower-level relations.
AD probes came next (Test 5), and the low

score of 60% indicated that the three-member
ACD classes (lower triangle in Figure 2) had
not formed. Because the auditory-visual AD
probes might have helped to reinstate the DB
relations, DB was tested once again; the out-
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Table 5

Subjects J.L. and J.O. Scores (percentage correct) during successive tests. Column headings
refer to relations in Figure 2. 'NAM' denotes oral naming tests with the Set-B, C, and D
stimuli. Starting with Subject J.O.'s Test 8, baseline and probe trials were unreinforced.

Equivalence Sym Nam Baseline

Four-stage Three-stage

Subject Test Number BD DB AD BC CB CD B,C,D AB AC DC

J.L. 1 - 47 - - - - - 100 100 97
2 - - 40 - - - 100 97
3 - - - 97 93 - - 100 100 -

4 - 17 - - - - - 97 100 100

J.O. 1 - 83 - - - - - 100 97 100
"p 2 50 - - - - - - 100 87 97

3 - 57 - - - - - 100 100 90
It 4 - 60 - - - - - 100 97 100
"p 5 - - 60 - - - - - 100 100

6 - 43 - - - - - 100 100 97
7 - - 50 - - - - - 97 100

" *8* - 50 - - - - - 97 93 100
9 - - - 57 30 - - 97 90 -
10 - - - - - 37 - - - 67
11 - - - - - - 90 - - -

12 - 10 - - - - - 83 97 93
13 - - - - - - 97 - - -

come this time was only 43% (Test 6). Repeti-
tion of the AD probe (Test 7) then yielded an-
other low score (50%).

Since reinforcement occasionally followed
baseline trials, but never probe trials, the de-
terioration of Subject J.O.'s performances af-
ter his first test might have come about because
he had discriminated these contingencies. Sub-
sequent tests therefore omitted reinforcement
after all trials, probe and baseline. The child
was told, "No pennies this time-we'll do colors
with pennies later." To accustom him to the
extinction procedure, he was given sets of un-
reinforced baseline trials, with no probes, un-
til he maintained the requisite accuracy. Then,
with baseline accuracies remaining high dur-
ing his first extinction test (Test 8), the DB
probes again gave a score of only 50%.
BC and CB, the next probes (Test 9), yielded

57 and 30% correct, indicating that three-mem-
ber ABC classes (upper triangle in Figure 2)
also had not formed. The child's low CB score
could have accounted for the failure of the
four-stage DB relations to emerge (see TRI).
His low BC score revealed the absence of pre-
requisites for BD, the other four-stage rela-
tions (see TR3). Then, a score of only 37%
in Test 10's CD probes revealed that the DC
relations were not symmetric. (CD probe trials
actually disrupted the child's DC baseline-

Table 5's righthand column shows no other
test in which the DC baseline fell below 90%.)
The absence of DC symmetry (see SY3) could
by itself have accounted for the failures both
of the four-stage BD and the three-stage AD
relations to emerge (transitivity paradigms
TR3 and TR5, respectively).

Subject J.O.'s poor performances on the
four-stage DB and BD tests and on the three-
stage AD test had therefore proven consistent
with the absence of one or more prerequisites.
Indeed, none of the testable prerequisites had
emerged. When tested for naming, however,
he scored 90% (Test 11). Since naming the let-
ters might have helped establish the equiva-
lence relations, he was given the DB test once
again; this time, he achieved only 10% (Test
12). A repetition of naming (Test 13) then
yielded another high score (97%).

DISCUSSION
Having learned three sets of conditional dis-

criminations, AB, AC, and DC (solid arrows
in Figure 2), six of the eight children proved
capable of six new sets of conditional discrimi-
nations they had not been explicitly taught:
DB, BD, AD, BC, CB, and CD (broken arrows
in Figure 2). Their BD and DB performances
documented the emergence of three four-mem-
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ber stimulus classes, and all six children dem-
onstrated the necessary lower-level transitive
and symmetric properties in the relations
among class members. Without such consis-
tency in the prerequisites, the stimulus-class
formulation would need major modification
if it was to remain useful. When asked what
the letters were, the children called them
"lambda," "xi," and "gamma," in accord with
class memberships the procedures had estab-
lished. Each "if . .. then" relation was also an
equivalence relation; the conditional-discrimi-
nation procedures had generated matching-to-
sample performances.
The efficiency of the four-stage equivalence

paradigm in generating new performances en-
dows it with considerable practicality; the very
process of equivalence testing yields a remark-
able teaching spinoff. After the children were
explicitly taught nine different sample-com-
parison relations (three represented by each
solid arrow in Figure 2), 18 new stimulus re-
lations (three represented by each broken ar-
row in Figure 2), and nine new oral naming
relations emerged. The ratio of emergent to
directly taught performances was 27/9.
Teaching efficiency increased as the stimulus

classes grew in size. For example, the three-
stage paradigm denoted by ABC in Figure 2
depicts six directly established stimulus rela-
tions, three represented by AB and three by
AC. Six more stimulus relations (three in BC
and three in CB) and six oral naming relations
(B- and C-naming) emerged from this teaching;
emergent performances exceeded those directly
taught by a factor of two. Then, building the
four-stage paradigm by teaching the children
to match three samples from Set D to compari-
sons in Set C added 12 more stimulus relations
(three each in AD, CD, DB, and BD) and three
additional oral naming relations (D-naming)
to their repertoires; three directly taught per-
formances now generated 15 emergent perfor-
mances, a factor of five. This 2.5-fold increase
in teaching efficiency with the addition of a
single member to each stimulus class hints at
the potentially explosive nature of the process.
The performances involved here are in prin-

ciple far from trivial. Matching auditory to
visual stimuli (AB, AC, and AD) can represent
simple auditory comprehension-understand-
ing spoken words in reference to text; match-
ing visual stimuli to each other (BD, DB, BC,
CB, CD, and DC) can constitute simple read-

ing comprehension-understanding text in ref-
erence to other objects; naming textual stimuli
aloud can be simple oral reading. Most texts
designed to evaluate aspects of reading include
similar tasks. Nevertheless, formal resem-
blances between conditional discrimination
and reading do not prove one relevant to the
other. The establishment of stimulus classes
does prove this relevance. Pointing to a pic-
ture in response to a printed word denotes
reading comprehension only if the word and
picture are related by equivalence and not
merely by conditionality. Stimulus classes
formed by a network of equivalence relations
establish a basis for referential meaning. The
equivalence paradigm provides exactly the test
that is needed to determine whether or not a
particular conditional discrimination involves
semantic relations.

Linguistic analysis has challenged functional
behavioral analysis to account for new behav-
ior that has no apparent reinforcement history
(e.g., Chomsky, 1965; Fodor, Bever, & Garrett,
1974). The equivalence paradigm takes a short
step in this direction by specifying procedures
for generating new and seemingly unreinforced
matching to sample and oral naming. In re-
vealing a class whose members are related by
equivalence, the paradigm also exposes a
source of reinforcement for the new behavior.
By definition, the existence of a class of equiv-
alent stimuli permits any variable that affects
one member of the class to affect all members.
Even when stimuli bear no physical resem-
blance to each other, their inclusion within a
class provides a route for extending the influ-
ence of reinforcement and other variables.
Direct reinforcement of the AB, AC, and DC
relations (Figure 2) extends also to all of the
other possible relations within each four-mem-
ber class. It is therefore not correct to assume
that the new matching and naming perfor-
mances emerged without a reinforcement his-
tory.
The children's ability to name the letters

in Sets B and C confirmed earlier experiments
that used other kinds of stimuli (Sidman, 1971;
Sidman & Cresson, 1973; Sidman, Cresson, &
Willson-Morris, 1974). Their consistent nam-
ing of the Set-D letters was of special interest
since they had never been taught explicitly
to select those letters conditionally upon dic-
tated-name samples. Two subjects (E.M. and
I.C., Table 3) even did the naming test before
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their ability to match Set-D stimuli to dictated
names was tested. The production of Set-D
names that were consistent with classes re-
vealed in the matching-to-sample tests raised
the possibility that naming might have been
needed to mediate the emergent conditional
relations. An earlier study, in which a few new
conditional relations emerged before subjects
were able to name the stimuli, suggested that
stimulus equivalence was independent of nam-
ing (Sidman, Cresson, & Willson-Morris, 1974).
Here, Subject E.W. gave all the stimuli names
that were consistent with their class member-
ship, but his hesitations and expressions of
doubt (Table 4) indicated strongly that al-
though he was capable of naming the Set-D
letters, he had never done so until the nam-
ing test. The new conditional discriminations
involving the D-stimuli emerged before he had
ever applied names to those letters.

Subject E.W. was the only one of the eight
who yielded such a finding, but his demon-
stration that the stimulus classes could form
in the absence of naming cannot be dismissed.
Although naming, when it occurs, may indeed
facilitate equivalence relations (Goldiamond,
1962), Subject E.W.'s responses argue strongly
against the necessity of such a role. Given that
naming is not necessary for class formation, the
likelihood and nature of a facilitative role re-
main matters for experimental study.
Table 4's naming transcription indicated

that stimulus classes could emerge via equiva-
lence relations even before a subject had ap-
plied a consistent name to each member of a
class; naming was not necessary. Subject J.O.'s
naming tests (Table 5) showed that consistent
naming was not sufficient to establish stimulus
classes via equivalence relations. He applied
"lambda," "xi," and "gamma" to the letters
of Sets B, C, and D in accord with the very
four-member classes that the equivalence tests
had failed to substantiate. He named the Set-
D letters consistently in spite of his inability
to match those letters to their dictated names.
A response that is common to several stimuli
may define a class but does not by itself es-
tablish equivalence relations among the class
members. Upon reflection, the dichotomy
shown here between classes defined by naming
and classes defined by equivalence is not sur-
prising; the relation, "is the name of," does
not possess the defining properties of an equiv-
alence relation (Table 1).

It might have been tempting to view naming
as an indirect test of symmetry in the auditory-
visual relations, AB, AC, and AD. Instead of
presenting dictated-name comparisons, oral
naming tests permitted the children to pro-
duce the names themselves in response to the
printed letters. It seems reasonable to presume
that children who could name printed letters
aloud would also be able to select those names
when they heard them spoken by someone else.
Subject J.O., however, proved this reasonable
presumption to be incorrect. His accurate pro-
duction of the Set-D letter names, after show-
ing himself unable to match those letters to
their dictated names, demonstrated that emer-
gent naming did not constitute a valid test of
auditory-visual symmetry. Again, a possible
relation between naming and equivalence
proved illusory.
Formal resemblances exist between the ac-

counts of stimulus equivalence arising from
conditional-discrimination and paired-associ-
ate procedures. The paired-associate literature
refers to symmetry as "backward association"
(e.g., Ekstrand, 1966), to transitivity as "chain-
ing," and to equivalence paradigms A and B
(Table 1) as "response equivalence" and "stim-
ulus equivalence," respectively (e.g., Jenkins,
1963). A thorough comparison of the formu-
lation derived from the paired-associate tradi-
tion and the one proposed here must await a
more appropriate vehicle, but at least one
fundamental distinction that the terminologi-
cal similarities might mask is relevant here.
Paired-associate methods, which often require
a subject to respond differentially to each
stimulus by producing its "name," have led
to widespread acceptance of response media-
tion as the mechanism responsible for the es-
tablishment of equivalence relations (e.g., Jen-
kins, 1963, 1965; Jenkins & Palermo, 1964).
Although it is clear that differential responses
can mediate the emergence of new stimulus
relations, the successful use of conditional dis-
criminations to generate equivalences raises
considerable doubt about the necessity for pos-
tulating the existence of mediating responses.
Conditional discrimination requires no differ-
ential responses to individual stimuli; the only
necessary overt response is pointing, or touch-
ing, which is the same for all sample and com-
parison stimuli. It is sometimes said that the
subject responds differentially to each sample
by choosing a particular comparison, but this
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"choosing" response can be defined only with
reference to a stimulus (Sidman, 1978). Condi-
tional discrimination therefore involves rela-
tions between stimuli. It is not possible to ob-
viate this conclusion, as some have attempted,
by reserving the term, stimulus, for sample
stimuli, and applying the term, response, to
comparison stimuli. Thus, in addition to evi-
dence cited above that shows naming to be
neither necessary nor sufficient for generating
stimulus equivalences, the very logic of the
conditional-discrimination procedure suggests
also that no other kind of mediating response
need be postulated.
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